Summary
High priority in the circular economy agenda is given to the packaging sector (EMF 2013) 48 and to packaging waste management (EC 2015) . Packaging is by its nature transient; most one-way 49 packaging is discarded after use, entering the waste stream after a use period of typically less than a This paper aims at illustrating the opportunities and challenges in combining the use of LCA 103 and C2C certification in the beverage packaging sector, focusing on the case study of aluminum 104 cans within the CCC. First, we summarize the outcomes of previous research on the combined use 105 of eco-efficiency/LCA and eco-effectiveness/C2C in other sectors. Second, the case study of 106 aluminum cans is introduced, to identify the learnings and limitations from the use of eco-107 effectiveness and eco-efficiency approaches separately and to outline how the C2C vision can 108 inspire LCA. Third, we present a framework to integrate both approaches in the decision support for 109 beverage packaging companies implementing a continuous loop packaging system. Finally we 
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The idea of having continuous loops of materials recently inspired Verghese and colleagues
125
(2012) to define a more comprehensive packaging sustainability framework. According to their 126 definition, in order to contribute to sustainable development, packaging needs to be effective in 127 meeting its functional requirements; efficient in its use of materials, energy and water throughout its 128 life cycle; cyclic in its use of renewable materials, and recoverability at end-of-life; and finally safe 129 for people and the natural environment (Verghese et al. 2012 ). According to Rossi and colleagues
130
(2006) LCA adopts a "tool-driven" approach to addressing environmental problems, i.e. it is a 131 method to evaluate the environmental performance of a product, which inspires the stakeholders to 132 make improvements to the product based on the conclusions generated by the LCA study. The C2C 133 system adopts instead a "goal-driven" approach, since first the goals to be achieved are established, 
195
According to the C2C terminology, aluminum is a "technical nutrient", i.e. a material that has 196 the potential to remain safely in a closed-loop system of manufacture, recovery, and reuse (the 
209
Applying the five certification criteria (described in Table 1 In the case of the aluminum can a prerequisite for a high MRS is to ensure recyclability, e.g. and to a lesser extent the recycled content.
232
The last three certification criteria are at process level and concern renewable energy use and 233 carbon management (RE&CM), water stewardship (WS) and social fairness (SF) and to meet them,
234
performance at production and organization levels need to be included in the optimization strategy. Our framework to combine eco-efficiency and eco-effectiveness (see Figure 3 ) is based on a
357
stepwise procedure aiming to assess the potentials for establishing continuous loop beverage 358 packaging systems.
359
As a first step the optimal environmental life cycle scenario for beverage packaging is literature about closed loop supply chain, value network business models and green business 390 models, where "green" refers to the environmental aspect of sustainability.
391
The outcome of the stepwise procedure is a list of prioritized actions relating to e.g. tools (see step 1 in Figure 3 ).
403
The need for interconnection is not only at the upstream level (e.g. coordination between can packaging is constrained by the existing waste management system, which in some countries, e.g. effectiveness. Our framework is based on a four step procedure to combine two tools, LCA and the
433
C2C certification program, in order to identify which actions should be prioritized for reducing the 434 impacts or even increasing the (positive) effect of the company activities on society.
435
The framework was developed based on a case study of aluminum cans and the experience of the ABC-X assessment (see Table 1 ) and following optimization of substances as part of the MH 
456
Among all challenges for the implementation of circular economy strategies from a business 457 perspective, product design plays a key role. This is especially true for packaging, which has to fit 458 both product and its use environment and to take into account the increasingly complex packaging Combining the C2C certification with LCA provides a further option to avoid the risk of sub-
465
optimization of the primary packaging at the expense of secondary or tertiary packaging. Closing the loop -An EU action plan for the Circular Economy. 
